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(54) Abstract Title 

VSsriable thermal Instdation material 

(57) A vanable thermal insulation material 1 having an inflatable layer comprising an envelope of vapour 
permeable 'breathable* material, for example formed from a laminar arrangement of sheets of hydrophilic 
films 2a, 2b bonded to microporous substrates 3a. 3b adapted to define an inflatable vohjme 5. The volume 5 
may be subdivided into an array of interconnected gas-linked compartments by means of members 
connecting opposing internal surfaces of the envelope thereby defining the inflated thickness of the material 1. 
An article of clothing may be made from the material 1 and include means to regulate the volume of gas 
within the breathable envelope. 
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Variable Thermal TnciiUH on Material 



The present invention relates to a variable thermal insulation materia] and clothing 
made therefixnn and in particular to a material, suitable for clothing, in which its th ermal 
insulation properties can be varied by inflation or deflation thereof. 

Such mflatable clothii^ is known and normally &bricated fiom a material 
cooqirising a non-porous envelope into which air or some odier gas can be controUably 
introduced However, being iion-porouSy the envek^ is also impermeable to moisture. Thus, 
my perspiration genoated by the weam, for exanq>le during a period of physical activiQr, 
becomes tra^iped next to the wearers skin which may result in damp clodiing, skin maceration 
or even hypothermia. 

One known solution to this problem is disclosed in GB 2 242 609 B and is to provide 
a clothing material which comprises an inflatable layer having a plurality of interconnecting 
inflatable rubber tubes which, in their deflated state, define air ^ces between adjacent sets 
of tubes througji which water vapour may traveL On inflation, the tubes expand to close these 
spaces. This has the problem tiiat any sweat generated when the thermal insulation is at a 
mayfmnm (that is when the air spaces are closed) remains trapped next to the skin by the 
rubber until such time as the tubes are deflated. 

Waterproof, water vapour permeable febrics are well known to those skilled in the art 
of textiles and are often refeired to as '1>rcadiable'' &hrics ch- material. Brea±able fabrics 
include those waterproof water vapour permeable fibrics which comprise either or both 
micro-porous or hydrophilic materials. Micro-pcHOus materials are made with pores tJie size 
of i^ch are controlled to lie between that of water vapour molecules and that of water 
droplets (a difference of some 250,000 times) so that water v^>our can pass easily through 
die material while water droplets cazmot Hydrophilic material is effecSvely non-porous and 
relies on its affinity with water molecules \^ch are then transported through the material 
from die side of hi^er water vE^xnir pressure to that of the lower pressure (which in most 
circumstances will mean away fiom die skin of a wearer). 
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According to a first aspect of the present invention there is provided a variable 
thermal insulation material having an inflatable layer wherein the layer congjrises an 
envelope of breathable material adapted to define an inflatable volxmie. Snch an envelope 
may be configured, for example, by hermetically sealing together two overlying breathable 
sheets about their periphery or by sealing a folded sheet about its open edge. This has the 
advantage fliat water vapour can pass fi^m the body of a wearer of garments made using this 
material even when the envelope is inflated. 

Advantageously^ sqpaxation means, for example direct bonds formed between tiie 
opposing internal &ccs of the envelope^ may be included witfain flie inflatable volume to 
provide an array of compartments joined by gas conduits. This has the advantage that transfer 
of gas between compartments is restricted so that the garment fehric can better maintain a 
generally uniform thickness vfhm subjected to localised external jHessuie variations, for 
exaxsxple due to normal nuvements of a wearer. A further advantage is that the fiexibiUty of 
the garment fabric may be mcreased over a similarly sized febric having only a single 
envelope since flexion can occur along the boundaries of the compartments formed by the 
separation means. 

Thi s arrangement can be simply realised by configuring ±e breathable envelope in an 
alternating array of bonded and non-bonded rows to provide a pluraUty of inflatable channels 
within the envelope. This arrangement has a further advantage dmt ^ 
channels formed between the non-bondcd rows as these rows inflate to thereby increase die 

insulating effect of flxe garment &bric. 

Most uscfiilly the separation means may comprise coll^ible baflQe members 
provided within the envelope and made movable to an erect state upon inflation of die 
envelope, in which erect state the members help to hold apart adjacent feces of the envelope. 
These members can provide support for the breathable envelope to further resist deformation 
changes in its thickness. 



Most Inferably the breathable material includes a hydrophilic layer disposed on 
opposing sides of the envelope to enclose the inflatable volume. This may be achieved by 
employing only she^ of hydrophilic film as the envelope or coating a flexible substrate, 
which itself may be a micxx>-porous material, with a hydrophilic materiaL 

Such combinations of micro-porous and hydrophilic materials are known, for 
example G0RE-TEX® as available fit>m WL Gore & Associates Ihc of Elkton, Maryland, 
USA, in which the hydrophilic layer is used to prevent salt fiom sweat entering the pores 
winch would otherwise reduce the efiSdency of the miao-porous material. 

The use of a hydrophilic breathable ssaterial, for example in the form of a sheet, iilm 
or coating, has the advantage diat being efTecdvely non-porous gas remain trapped within the 
inflatable volume for icmger dian might otherwise occur if a wbdOy micro-porous envelope 
was used. 

Useiiiliy, the hydrophilic breathable material is in the form of a hydrophilic film 
laminated to a water porous flexible substrate, such as a woven material or a micro-porous 
PTFE film The flexible substrate provides support for the film which can then be made 
relatively diin to inqsrove transportation rates. 

According to a second aspect of the present invention there is provided an article of 
clothing fabricated fiom this variable thermal insulation material acceding to the first aspect 
of the present invention, including a control means for regulating the volume of gas in the 
inflatable envelope. 

loflation and deflation of an article of clothing according to flie second aspect of the 
jmsent invention may be achieved using any of a number of well known means. For example 
the clothing isay be connected to a simply of gas, txdiich may be, for example, compressed air 

fiozen carbon dioxide, by si^ly means which also includes means i^iereby pressure in 
the clofliing may be vented Alternatively a sinq>le band poxnp or a *%low to inflate" 
arrangemmt, of the types connnonly used in marine safety jackets may be employed in 
conjimction with a vent valve. Where die inflatable material conqnises a plurality of 
conq^artments flien most usefiilly Ac gas conduits may conqnise an ar ran g ement of one-way 
valves configured within the coirpartments to minimise air loss due to puncturing of any one 
compartment. This may be achieved, for exanq>le, by providing each compartment or group 
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of compartments wiA a one-way inlet valve and a one-way outlet valve to effectively isolate 
each compartment or gtot^ of conqiaitments from the others. Manifold means may then be 
provided to link gimilar valves m order to ^cilitate the controlled variation of insulation. 

Embodiments of the invention will now be described, by way of example only, wifli 
reference to the drawings of die accompanying figures, of which: 

Figure 1 shows a sectional view ofoMcmbodiinent of die variable msulaticm material 
according to the present invention. 

Figure 2 shows a part perspective view of a "quilted" embodiment of the variable insulation 
material according to Ae present invention. 

Figure 3 shows a sectional view of an embodiment of die present invention having internal 
bafQe supports. 

Figure 4 shows a sectiOTal view of a "comigated" embodiment of flw iwesent mvention. 

Figure 5 shows a schematic representation of an article of dodiing according to die secomi 
aq)ect of the presoit invention. 

Referring now to Figure I, the variable msulation material 1 is shown in an inflated 
state and conqwises two hydrophiUc polyester fihns 2a. 2b laminated to sheets 3a, 3b of a 
micro-porous FIFE substrate. The laminar anangement is hermetically sealed about its 
periphery, as shown generally at 4, to form an inflatable envelope in v/bach there is provided 
an inflatable internal volume 5 between die two hydropbilic fihns 2a, 2b. The seal 4 can be 
made using any of a number of weU known mediods, hichiding for example heat sealing, 
adhesive bonding or ultrasonic welding, selected for best performance with die materiak used 
in the formation of the insulating material 1. 

A refinement of this basic material is shown in Figure 2. The insulation material 6 is 
shnihu-m construction to that of Figure 1 in diat it is formed from two water permeable 
substrates 7a, 7b which can be chosen to exhibit die required physical or optical 
characteristics, eg being physically robust or camouflaged. HydrophiUc fihns 8 are laminated 
to the substrates 7a. 7b and die slmcture is hermetically sealed along their edges 4 to foim an 
inflatable internal volume between dus films 8. Additionally, separation means are provided 
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in the fonn of bonds 9 at a plurality of points over the material 6. Tliese bonds 9 act to seal 
the films 8 togedier at these plurali^ of points, thereby fonning a phirality of interconnected 
con^artments 10 in a quilt-like structure. This quilt-like structure will act to limit the 
shrinkage in the peripheral dimensions of the material 6 on inflation. 

An alternative separation airangemrat is shown in Figure 3 in which the bonds 9 of 
the oobodiment of Figure 2 are replaced with a plurality of elongate plastic bafiSes 11, each 
bonded along cq>posing long edges 12» 12* to the hydrophilic films 13a» 13b. Altho ugh Ae 
films 12a, 12b are sealed about their periphery tfa^ are sized so diat relative lateral 
movement can occur during inflation and deflation of die envelope sufficient to permit the 
baffies 11 to move between a position in which they He substantiaUy parallel to Ae film and 
<me in which they are substantially pexpendicnlar and l^p hold the films 13a, 13b apart. 

A further separation arrangement is shown in Figure 4 in which the two hydrophilic 
layers 14a and 14b are bonded together to form a "corrugated'' material 15. This material 15 
cocaprises an arrangement of inflatable conq>artments 16 alternating with rows 17 of bonded 
layers 14a, 14b. One-way valves 18, 19 are provided towards opposite ends of the 
cozzq^artments 16 and are configured to act as inlet and outlet valves respectively. In this way 
each inflatable conq>artment 16 is effectively isolated fiom any other so that if punctured 
only that channel will deflated In use, the inflatable compartments 16 can be expanded to 
define channels 17 between them which may themselves be used to trap air and so add to the 
insulating properties of the material 15. 

Referring now to Figure 5, an article of clothing, in the form of a coat 20 having a 
conventional outer rx)vering 21 and a lining 22 selected having regard to the intended purpose 
of the coat Sandwiched between the outer covering 21 and the lining 22 is an inflatable layer 
6 of Figure 2, having a plurality of bonds 9 defining compartments 10. A blow valve 23, of 
conventional ccmstruction, is provided in the coat 18 for inflating and deflating the 
comparttnoitalised hydrophilic envelope. The valve 23 being positioned for easy access by a 
wearer's mouth. 

It will be obvious to a person skQlcd in die art that clofliing, such as shown in Figure 
5 may be made employing the garment fabric as described in any of the embodiments 
described above. 
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ft will also be obvious to a skilled person tbat many variations to tiie above d^cribed 
embodiments are possible in die ligbt of die above teaching while still remaining widiin the 
scope of die invention. For sample where separate films of hydrophilic material are 
laminated onto a substrate diese could be replaced by fflms deposited, painted or sprayed 
onto suitable flexible substrate or where the hydrophilic fihn is described as being positioned 
on one or both of die internal surfaces of the inflatable volume similar benefits can be 
achieved by having it on one or bodi of the external surfaces. Moreover, aldiough only 
described for use in die manufecturc of apparel clearly die garment matCTial may be used in 
odier articles such as tents, sleeping bags or blankets, where variable diermal insulation is 
advantageous. 
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1. A variable tfiermal insulation material having an inflatable layer herein the layer 
coniprises an envelope of breathable material ad^ted to define an inflatable volume 

2. A material as claimed in Claim 1 characterised in tiiat it further conqirises separation 
means adapted to configure the inflatable volume into an array of interconnected gas 
conspartments. 

3. A material as claimed in Claim 2 characterised in that the separation "ig^^ng 
conqirises direct bonds between internal feces of the envelope. 

4. A material as claimed in Claim 3 characterised in that the bonds aie configured in 
spaced apart rows to provide a plurality of inflatable channels within the envelope. 

5. A ntiaterial as claimed in Claim 4 characterised in that each or a group of inflatable 
channels are provided with one way valves to act as inlets and outiets. 

6. A material as claimed in Claim 3 characterised in tiiat the bonds are configured in 
spaced apart points. 

7. A material as claimed in Claim 2 characterised in that the separation means 
conq>rises a plurality of collapsible baflQes each bonded along opposing edges to internal 
&ces of the envelope and made movable to an erect state upon inflation of the envelope. 

8. A material as claimed in Claim 7 characterised in that the collapsible bafDes 
conqmse elongate plastic nembers. 

9. A material as claimed in any preceding claim wherein the breathable material 
con^rises a hydiophilic layer enclosing die inflatable volume. 

10. A material as claimed in Claim 9 iniierein the hydrophilic layer is in die form of a 
coating deposited on to a flexible micro-pcHOus substrate. 

1 1 . An article of clothing conoprising a garment fifaric as claimed in any preceding claim 
and control means capable of regulating the volume of gas within the inflatable volume of the 
breathable envelope. 
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